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ABSTRACT 
Growth of Clostridium Sporogenes P A 3679 in a 
Vacuum-Packaged Meat-Vegetable Product 
by 
Julie M. Racz, Master of Science 
Utah State University, 1999 
Major Professor: Dr. Daren Cornforth 
Department: Nutrition and Food Sciences 
Clostridiu111 sporogenes PA 3679 spores were inoculated into a meat-vegetable 
mixture before ex trusion , cooking, and vacuum packaging into "s tewsticks" to simulate 
Clostridiu111 botulinum growth. The experiment was a 3 x 5 x 2 x 3 factorial which 
determined the influence of pH, water activity, initial spore load, and storage period on 
spore survival. Spore levels decreased throughout storage for all treatments . Spore 
levels decreased linearl y (P = 0.02) as water activity increased, in samples that were 
heated to kill vegetat ive cells and activate spores. Other significant interactions of heat-
treated samp les were observed with inoculum level (P < 0.01) and storage time 
(P < 0.0 I). Spore level s in stored products were also significantly affected by water 
activity* inoculum level (P = 0.03) , pH * time, water activity* time (P = 0.01), 
inoc ulum level * time (P < 0.01 ), and water activity * inoculum levels * time (P < 
0 .0 1 ). The interaction between pH * water activity * time tended towards significance 
(P = 0.06). Most probable number estimates in nonheated samples accounted for 
naturally occurring viable cells and spores, and added spores and were significantly 
affected by the main effects of inoculum level (P < 0 .01) and time (P < 0.01) . The 
two-way interactions of water activity * inoculum level (P = 0.04) , pH * inoculum 
Ill 
level (P < 0.0 I ),water activity * time (P < 0.01), and three-way interaction of pH* 
inoculum level * time (P = 0.03) were significant. Spore levels approached I 02, or 
less (compared to an inoculum level of 106 spores per gram) due to the effects of many 
treatments . 
Some stewstick packages were observed to become "gassy" or "loose" during 
storage. Subsequently the stewstick packages were used to isolate microorganisms that 
were abl e to grow at water activities of 0.96-0.86, in glycerol-adjusted Rogosa agar, 
and were acid tolerant to pH 4.4-4.2. One produced gas in pure culture, and some 
proclucecl indole . These bacteria were not destroyed by heating to 74°C for at least 30 
minutes, and lowered the pH in the stewstick during storage. In conclusion, in all 
stewsti ck samples , regardless of pH or Aw, inoculated clostridial spore levels decreased 
during storage, apparently because spores germinated and vegetative cells subsequently 
di ed. Thu s, if stewsticks are cooked to 74°C throughout, have a Aw::; 0.86 and pH::; 
4. 8, th ey appear to be safe. 
(96 pages) 
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INTRODUCTION 
Stewsticks are a vacuum packaged, intermediate to high moisture product made 
of meat and vegetables, so their safety as a new food poses a concern for growth of 
pathogenic anaerobes. Clostridium botulinum and Clostridium sporogenes PA 3679 are 
spore-producing microorganisms which will grow in food . C. botulinum produces a 
lethal neurotoxin upon sporulation, while C. sporogenes PA 3679 is nontoxinogenic 
and is commonly used as a surrogate organism in shelf life studies for C. botulinum. 
Both organisms are putrefactive anaerobes that produce gas and reduce iron. In this 
stud y PA 3679 spores were added to the raw ingredients of stewsticks, and were 
processed , and the survi vi ng population was estimated before and after a heat treatment 
to c!irfcrentiatc added spores from those that germinated without a heat treatment and 
native anaerobes . 
The most inhibitory intrinsic property of foods to clostridial growth is low water 
activity (Nieto and Toledo, 1989). Water activity (A,J works along with other intrinsic 
and extrinsic properties of food such as pH, oxidation-reduction potential (Eh), partial 
pressure of oxygen (pp02), competitive microflora , irradiation , and inhibitory chemicals 
to limit bacterial growth (Rebollo et al., 1997). When different properties inhibitory to 
bacterial growth are combined, they will often have a synergistic effect (Rockland and 
Stewart, 1981 ). 
The manipulation of Aw and pH was used in this experiment to define the limit of 
clostridial growth . The absence of oxygen within the vacuum packages of stewsticks 
will not inhibit clostridial growth, but will limit many other types of bacteria (Mossel et 
al. . 1994). Other bacteria which can grow in an anaerobic package include lactic acid 
bacteria, wh ich may grow at low Aw and pH levels. To monitor clostridial growth 
within stewsticks, ionic iron reduction was monitored using peptone colloid broth in a 
three tube most probable number (MPN) format. 
Lactic acid bacteria are unwanted in many meat products because they produce 
flavor and visual defects (Greer, 1989) . To stop defects caused by these bacteria, 
antimicrobial hurdles to their growth were studied, including Aw and pH. 
2 
LITERATURE REVIEW 
Stewstick characteristics 
Stewsticks are a unique jerky-like product which are extruded, vacuum-
packaged mixtures of meat and vegetables (Quinton, 1996). They consist of a variety of 
meat types, including beef, pork, or lamb, that are mixed with a variety of dehydrated 
vegetables, extruded into strips, and oven dried. To obtain a softer texture than jerky, 
stewsticks have a higher moisture content and are in the intermediate to high moisture 
range (Aw of 0.88 to 0.96). To prevent mold growth and preserve flavor characteristics, 
stewstick packages must exclude air (Jay, 1986). Beef jerky may be stored and 
distributed at ambient air temperature, because it is a low Aw product. In contrast, 
vacuum-packaged products of Aw higher than 0.85 must be acidified to pH < 4.6 or 
them1ally processed to obtain a 12 D (thermal death time) inactivation of Clostridium 
botulinum, if distributed at room temperature (http://www.cdc.gov/, 1996). Stewsticks 
are vacuum packaged after processing. Any food poisoning organisms which might 
grow in a properly packaged stewstick would be anaerobic. A preliminary experiment 
established the package 0
2 
content tq be< 0.1 % ppm, confim1ed by an anaerobic 
indicator strip (Becton Dickinson Co., 1996). 
Potential for growth of 
Clostridium botulinum 
Clostridium botulinum may cause spoilage and produce toxins in foods that are 
stored in anaerobic conditions such as those created in canned, foil-packed, and 
vacuum-packaged foods. Stewsticks, therefore, are a potential food poisoning hazard, 
if growth of C. botulinum occurs. C. botulinum will grow at a pH as low as 4.8, and 
Aw minimum of 0.94 (Jay, 1986). 
3 
Clostridium botulinum was first described in blood sausages (Riemann, 1969). 
The Latin name botulus means sausage, so inspired the naming of this sausage spoiling 
microbe. One of the earliest recorded outbreaks was 230 cases of "sausage poisoning" 
in Gem1any in the early 1800's. This outbreak was linked to the consumption of 
smoked blood sausage which had not been reheated before it was eaten (Riemann, 
1969). Van Ermengem isolated toxin from food proven responsible for botulism, and 
named the organism Bacillus botulinus. Later it was determined that the organisms 
responsible for botulism are anaerobic. Therefore they were given a separate genus, 
namely, Clostridium (Hauschild and Dodds, 1993). 
Clostridia are defined as anaerobic or microaerophillic, spore-forming rods that 
will not form spores in the presence of oxygen (Minton and Clark, 1986). They are 
gram positive and do not show di ssimilatory sulfate reduction. These bacteria are 
divided into several groups and subgroups according to the International Journal of 
Systematic Bacteriology . Group 1, subgroup F contains only three species of clostridia, 
namely, C. botulinum A, B, and F (proteolytic), C. putrificum, and C. sporogenes. 
This subgouping shows the close relationship between the test organism and the 
organism which causes botulism (Minton and Clark, 1986). C. sporogenes PA 3679 is 
slightly more heat resistant than C. botulinum , so inhibition of growth of C. sporogenes 
PA 3679 is assumed to protect the consumer from botulism (Crandall et a!., 1993). C. 
sporogenes is also non toxinogenic, so is safer to work with. It produces proteolytic 
enzymes, so spoilage can often be seen (C0
2 
production) and smelled (ammonia, 
putrescine, and cadaverine production) to indicate growth (Fennema eta!., 1975). 
Botulinal toxin ingested with food is absorbed in the intestines, activated by 
trypsin, and attaches itself to nerve endings preventing acetylcholine release (Mossel et 
a!., 1994; http://www.cdc.gov/, 1996). The affected nerves have impaired function, 
4 
causing neurological defects in the intoxicated subject. Symptoms include blurred 
vision, impaired breathing, dry mouth, difficulty speaking and asymmetrical weakness 
(http://wv.;w.cdc.gov/, 1996). The toxins are actually enzymes of molecular weight 
ranging from 100.000 to 200,000 daltons. Clostridium botulinum is not the only 
pathogenic strain of clostridia. Clostridium barati, Clostridium butyricwn , Clostridium 
innulum, Clostridium paraputrifcum, Clostridium sordellii, Clostridiulll sphenoides, 
Clostridium spiroforme, C. sporogenes, and Clostridium tertium are among others 
known to be conditionally enteropathogenic (Mossel et al., 1994 ). The strain of C. 
!)porogenes used in this study is considered an opportunistic pathogen that colonizes the 
intestinal cell wall, and may cause digestive problems ranging from upset stomach, to 
irritable bowels and diarrhea (Mossel et al., 1994 ). 
Nitrite is the primary anticlostridial agent in cured meat (Konstance and Panzer, 
1985). Nitrite is included in the commercial stewstick formulations but is not used in 
this study so the effects of pH and Aw are not masked. Inhibition of clostridial growth is 
caused by the NO+ cation of nitrosyl complexes. The relationship of the stretching 
frequency between Nand 0 will determine this cation 's character and toxicity. Cui et al. 
( 1992) make the premise that the inhibitory effects of nitrite containing compounds 
increases with decreasing pH due to increased levels of nitrous acid. Carpenter et al. 
( 1987) showed clostridial inhibition is linked to ferredoxin and that pyruvate-ferredoxin 
oxidoreductase activity decreases with increasing levels of sodium nitrite . This is 
thought to be due to the inactivation of iron-sulfur clusters within these clostridial 
enzymes. as nitric oxide binds to iron, inactivating these enzymes and preventing 
clostridial growth (Reddy et al. , 1983). Nitrite is thought to induce germination of 
clostridial spores. but to inhibi t cellular growth. Thus. any newly germinated spore 
would become susceptible to the environmental conditions. Duncan and Foster ( 1968) 
5 
showed that the germination of spores of C. sporogenes PA 3679 was stimulated by 
sodium nitrite. Toxin production does not occur during clostridial growth, but only 
upon sporulation (Mossel eta!., 1994). 
Clostridium sporogenes as an 
indicator organism 
Clostridium sporogenes PA 3679 is closely related to toxinogenic Clostridium 
botulinum, and has been used as a test surrogate (Whiting eta!., 1985; Nieto and 
Toledo, 1989). In these studies, the production and packaging of a product is done 
following commercial procedures, but with addition of a specific test microorganism. 
This microorganism or the environment of the food product may be manipulated in order 
to study changes in growth (Whiting et al., 1985; Stillmunkes eta!., 1993). 
Sanchez eta!. ( 1995) studied the effects of an acidified medium upon the 
growth and heat resistance of C. sporogenes PA 3679, and found that citric acid in beef 
heart infusion broth, glucono-d-lactone (GDL) in mushroom extract, and the type of 
medium used for recovering spores inhibited the regrowth of C. 5porogenes. They 
hypothesized that a higher concentration of undissociated acid was associated with 
greater inhibition of spore growth. However, their results showed that citric acid was 
actually more effective at preventing C. sporogenes outgrowth than GDL, even though 
GDL had a higher concentration of undissociated acid. Santos and Zarzo ( 1996) 
confirmed this conclusion, and determined that pH also has a great effect on spore 
recovery. Rodrigo ct al. (1993) showed no spores recovered in a media with a pH of 
less than 5.7. The processing of spores in acid conditions, then recovery in neutral pH 
medium, was less inhibitory to spore growth than spore recovery in acid medium, 
suggesting that if the pH remains low, there is less chance of spore growth. No 
mention was made of germination inhibition (Santos and Zarzo, 1996) . C. sporogenes 
6 
spores are more susceptible to pH changes than C. botulinum spores, causing an 
underestimate of survival (Sanchez eta!., 1995). Rodrigo eta!. (1993) suggested that 
C. botulinum and C. sporogenes spores have different heat resistance. 
The D value for spores of C. sporogenes PA 3679 is greater than that of C. 
botulinum (Fennema eta!., 1975). Spores of Clostridium botulinum A and B have a 
D of0.21 min, while Clostridium sporogenes PA 3679 spores have aD of0.48 to 
121 121 
1.4 min. Therefore, a cook time which inactivates C. sporogenes PA 3679 spores will 
inactivate C. botulinum spores (Fenemma eta!., 1975) . A rudimentary indicator of 
growth of either of these organisms is gas production associated with putrefaction (Peck 
eta!., 1995). There has been some evidence that at pH 5.50 and 5.25 in a foil-packed 
spaghetti and meat product, there is toxin production before gas production (Simpson et 
a!., 1995). Montville eta!. (1985) observed that normal clostridial growth caused 
obvious spoilage, shown by production of gas, volatile organic acids, and proteolytic 
enzymes. However, they reported that even though spoilage may not be seen, toxin 
may be present, and observed that low pH inhibited gas production, yet allowed toxin 
formation. Whiting eta!. ( 1985) concluded that when conditions were Jess favorable to 
growth, such as with increasing salt and nitrite levels, growth was Jess inhibited than 
gas production . Studies by Moneib et a!. ( 1987) showed that incubation time and type 
of growth medium influence the products of metabolism of C. sporogenes. It should be 
noted that their studies also indicated a characteristic gas-liquid chromatography profile 
only when the organism was in stationary phase (Moneib eta!., 1987). Thus, gas 
production should not be the only test for germination and toxin production, although 
visual inspection will be one indicator of growth. Toxin production, happening only 
upon sporulation, will only be seen in spores which have germinated, grown, 
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reproduced and resporulated. It will therefore be indicated by an increase in the number 
of C. sporogenes spores from levels measured at time zero. 
Potential for growth of other 
food pathogens 
Other foodborne pathogens of concern are anaerobes and facultative anaerobes 
(Table l; Mitscherlich and Marth, 1984: Jay , 1986). Faculative anaerobes are able to 
survive in the presence or absence of oxygen. Included is Staphylococcus au reus, a 
facultative anaerobe capable of growing in the temperature range of 7 - 45 °C, at pH 2.6-
10.0 , and at water activity> 0.86. S. aureus is introduced to foods by human vectors, 
as when workers have unsanitary practices (Jay, 1986) . 
Escherichia coli, another facultative anaerobe of concern in food, usually meat, 
will not grow at Aw < 0.95 . It is introduced through unsanitary practices during 
processing. E. coli is easily destroyed at the temperature used for cooking stewsticks 
(74°C) and therefore should not be a hazard (Mossel eta!., 1994). 
Clostridium petfringens. associated with meat and vegetables, grows 
anaerobically. It is inhibited by a pH< 5.5. Because this pH limit for growth is high, 
C. botulinum will have proper growth conditions, where C. petji-ingens will not. 
Salmonella spp. are facultative anaerobes. They occur in water, vegetables, and 
meat. Salmonella spp. are inhibited at A"< 0.95 , a A" level greater than stewsticks 
(Mitscherlich and Marth. 1984). S. aureus and Salmonella spp. were shown not to 
grow in inoculated vacuum packaged cooked roast beef in the first 21 hr, cooled from 
52.-J. to 7.2°C (Juneja et al., 1997). 
Campylobacrer is a microaerophile requiring 3-5% oxygen (Mitscherlich and 
Marth , 1984). It will not grow at a pH< 5.8 and therefore is not capable of growth in 
stewsticks (Jay , 1986). 
8 
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Table 1- Characteristics ofsomefoodbome parhogens 
Growth 
Growth Growth temperature 
Organism pH Av (OC) 0 , requirement 
Staphylococcus aureus 2.6-10.0 > 0.86 7.0-45.0 facultative 
anaerobe 
Escherichia coli 4.6-9.5 > 0.94 2.5-45 .0 facultative 
anaerobe 
Clostridium 5 .5-8.0 > 0.93 6.0-52.0 anaerobe 
perfringens 
Salmonella spp. > 4.5 > 0.95 6.5-47.0 facultative 
anaerobe 
Campylobacter jejuni 5.8-8.0 not 25 .0-42.0 microaerophile 
re oned 
-
Viruses such as Hepatitis A and Norwalk are exc luded by the use a sanitary 
water supply and facility (Jay. 1986). Other and foodborne infections and illnesses are 
excluded by the lack of oxygen and good manufacturing practices (GMP). 
Antimicrobial hurdles 
Antimicrobial hurdles are factors that are added to, or are inherent in a food and 
that prevent the growth of undesirable microorganisms. These factors include Aw, 
temperature and time of cooking, Eh. preservatives , pH, competiti\·e microtlora. 
irradiation. and the presence or absence of atmospheric oxygen (Fenemma eta!, 1975; 
Rockland and Stewart, 1981 ). The interaction of hurdles prevents microbial growth by 
extending the inhibitory range of one factor with another (i.e., if Salmonella spp. are 
unable to grow at Aw < 0.95 or below rc. at 4°C they may not grow at A" 0.96). A 
similar snack stick product used screw extrusion processing and irradiation as hurdles, 
resulting in both treatments being more lethal than screw extrusion alone (Zepeda et al, 
1997). The hurdle concept is now widely used, but for it to be widely accepted there 
must be more documentation of combined effects of pH, Aw, temperature, and other 
fac tors on foodborne pathogens compared with individual effects (Dennis, 1985: Kottke 
et al., 1996) . Stewstick processing allows for the manipulation of the product using 
many hurdles, but the two hurdles of greatest interes t are pH and Aw, as these were 
targeted by Leistner ( 1978). 
We hypothesize the antimicrobial hurdle system proposed by Leistner (1978) 
will control the growth of pathogens in stews ticks. To gain USDA approval for sale of 
intermediate moisture foods without refrigeration , a processor must show that sufficient 
hurdles are present in the product to prevent growth of pathogens. We must show 
stewsticks have sufficient antimicrobial hurdles because they are within the range of an 
intermediate to high-moisture food, which has been vacuum packaged and therefore may 
allow growth of Closrridiu111 borulimim or other pathogens. 
In stewsticks , A" can be manipulated according to the duration of cooking (at 74 
°C). Cook temperature (74°C), which is low compared to a canning process. is another 
hurdle. Cooking to an internal temperature of 74°C will not inactivate clostridial spores, 
but will destroy the vegetative, pathogenic organisms that are present, and may help 
ac tivate spores (Zapeda eta!., 1997). By following GMP between cooking and 
packaging. all pathoge ns except sporeformers can be excluded. The pH of stew sticks 
can also be manipulated to provide one more hurdle. Preservative agents such as nitrite 
and fennel seed are also present as hurdles (Carpenter e t a!. , 1987; Marotti e t a!.. 1994 ). 
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The three variable antimicrobial factors in stewsticks are pH, temperature, and 
Aw (Post, 1988). Initial values of Aw in stewsticks before cooking are Aw- 0.96, which 
decreased to :S; 0.94 after 1.5 h cooking at 74° C. Stewsticks have a moisture level of 
approximately 35.5% (Quinton, 1996), while beef jerky is approximately 33% water 
(Mossel et al., 1994 ). The pH and Aw of stews tick ingredients are li sted in Table 2. 
The initial pH of the raw stewstick mixture depends on the meat source but is -pH 5.50. 
Encapsulated lactic acid may be used to alter pH (http://www.cdc .gov/, 1996). 
Table 2-Characteristic pH and A
11
, ofstewstick ingredients 
Ingredient Aw pH 
Ground Beef 0 .98 5.8 
Ground Pork 0.98 5.9 
Dehydrated Potato <0.3 6 . 1 
Tomato Powder <0.3 4.1 
Green Pepper <0.3 5.2 
Carrot <0.3 5 . l 
Onion <0.3 5.6 
Red Pepper <0.3 5.2 
Stews tick 0.88- 0.96* S.S 
* Aw is dependent upon cooking time 
1 1 
Water activity 
Water activity is an intrinsic property of every food (Mossel eta!., 1994; 
calculation described in equation 1). The formula for Aw is: 
p Equation 1 
A = w 
P =Vapor pressure of solution; P0 =Vapor pressure of solvent 
Pure water has a Aw of 1.00, while other foods will have Aw levels < 1.00 (Jay, 1986). 
Electrolytes (i .e., Na+, C1- , or sugars [which have many hydroxyl groups]) are good at 
binding water, so are preferred for lowering Aw (Mossel et a!., 1994 ). Aw determines the 
amount of free water available for bacterial growth. The binding of water by solutes 
will prevent bacteria access to this water. A low Aw in a food also stops the diffusion of 
nutrients towards the area of bacterial growth, causing localized nutrient exhaustion 
(http://www.cdc.gov/, 1996). 
Intermediate moisture foods have a Aw of 0.6-0.9. They are generally freely 
masticated and are highly palatable , with a moist mouthfeel (Brockmann, 1970). 
Depending upon the cooking time and temperature, foods may be considered either high 
moisture (Aw 1.0-0.9), or intermediate moisture (Aw 0.9-0.6) (Rockland and Stewart, 
1981). 
To prevent the growth of C. botulinum in food, the type of solute used to 
prevent growth is important. For example, NaCl will prevent C. botulinum type A 
growth at Aw = 0.94, but glycerol will allow growth down to Aw = 0 .92. Some isolates 
of Clostridium botulinum type B are also known to grow at an Aw as low as 0.94 
(Konstance and Panzer, 1985). Other clostridia are reported to grow at higher water 
activities (Rockland and Stewart, 1981). C. botulinum types B, E, and Fall need a 
minimum Aw of 0. 97 to grow (Jay, 1986). 
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pH 
While Aw is easily manipulated in stewsticks by adjusting the time or temperature 
of cooking, pH must be adjusted by adding acid or base. The stewstick formulation 
includes encapsulated lac tic acid which is released upon cooking, to lower pH. The 
hydrogenated soybean oil covering the calcium lactate is not water soluble and will not 
dissolve during initial processing steps. The encapsulation melts as the stewstick is 
heated, releasing the salt , which diffuses into the stewstick, causing the pH to slowly 
decrease. Delayed acid release is essential for proper binding of the comminuted meat 
and vegetables. If meat pH is too low ( < 5.5) during mixing, meat proteins will not 
bind to one another and the st icks will be flaccid and uncohesive (Quinton, 1996). 
As stated previously, the amount of undissociated acid present in beef heart 
infusion broth will affect the ab ility of spores to germinate. Undissociated ac ids may 
passively diffuse through bacterial membranes, and subsequently di ssociate to affec t cell 
metabolism, making the cell non viable (Sanchez et al., 1995). The greater the abi lity of 
an acid to dissociate the greater its abi lity to prevent bacterial growth (Sanchez et al. , 
1995). The formula denot ing pH is: 
pH= -log [H+] 
An acid that will dissociate will have an equilibrium constant: 
Ka= [H+] [X-] 
[HX] 
Equation 2 
Equation 3 
Ka =acid dissoc iation constant ; x-=the conjugate base; H+= the hydrogen ion 
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If Ka is small, then the acid is weak, and unable to readily dissociate. Other physical 
properties of the acid are also believed to have an effect, including molecular weight and 
number of carboxylic acid groups (Santos and Zarzo, 1996). 
Cui eta!. ( 1992) studied the effects of nitrite compounds upon C. sporogenes. 
At low pH, nitrite is most inhibitory, due to the presence of more nitrous acid, which 
releases more of the nitrosating species NO+ than other forms of nitrite . NO+ is the 
active species in prevention of clostridial growth. In acid conditions, less nitrite will still 
be inhibitory , although the mode of action is unknown (Cui eta!., 1992). 
Spore survival and germination 
For a bacterial spore to become vegetative, it must go through activation, 
germination, and outgrowth (Blocher and Busta, 1983). A spore can be at optimum 
conditions to germinate, yet remain a spore (Smoot and Pierson, 1982). The spore must 
go through an activation process, often a heat treatment. C. sporogenes spores are 
typically subjected to heat activation for enumeration studies (Sanchez et al., 1995). 
Low pH activation due to the loss of Ca+2 or dipicolinic acid also occurs. This loss is a 
degradation which changes the spore. physiology making it more sensitive to gerrninants 
(Blocher and Busta, 1983). Other activators include reducing agents, Ca-dipicolinic 
acid, ionizing radiation , urea, cycloserine, and time (Smoot and Pierson, 1982). 
Germination is an irreversible process , where activation is reversible (Blocher 
and Busta, 1983). Germination involves depolymerization and excretion of the spore 
coat. Initiators of germination are either nutritive or nonnutritive. Nutritive initiators 
include L-alanine in the presence of pertinent ions, ribosides, and some sugars. 
Nonnutritive initiators include metal ions, bicarbonate, surfactants, calcium dipicolinate, 
some enzymes and physical processes such as abrasion, deformation , and changes in 
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hydrostatic pressure (Smoot and Pierson, 1982). C. sporogerzes PA 3679 must be at a 
pH> 4.8 to germinate (Blocher and Busta, 1983). 
Outgrowth refers to events that transform a germinated spore into a vegetative 
cell (Blocher and Busta, 1983). An intermediate A" level will allow germination, but not 
outgrowth, causing a decrease in spore numbers. A high Aw will allow germination and 
outgrowth (Smoot and Pierson, 1982). Stewsticks have an intermediate Aw level and 
therefore may show signs of spore germination without outgrowth. Studies on spore 
survival do not always make the distinction between germination and outgrowth, and 
some spores may be damaged before activation or germination occurs (Blocher and 
Busta, 1983). 
Fermentations by nonpathogenic 
bacteria 
Fermentations may occur naturally or they may be controlled. Lactic acid can be 
used in place of bacterial fermentation , but it is an expensive added product, where 
controlled lac tic fermentations are not as costly (Guerrero et al., 1995). Naturally 
occurring lac tic acid bacteria are often isolated from meat and vegetable products (Table 
3; Gilliland, 1985; Jay, 1986; Wood and Holzapfel , 1995). While the natural microflora 
of vegetables are often allowed to star1 a vegetable fermentation, a meat fermentation is 
usually started with an inoculum. Meat fem1entations use inoculums consisting 
primarily of Micrococci and Staphylococci (Lewus et al., 1991 ; Buckenhuskes, 1993). 
Vacuum-packaged meats often contain atypical Leuconostoc and Lactobacillus (Dykes 
et al. , 1995). 
Vegetable fermentations are performed on vegetables which have been trimmed, 
peeled, blanched and often cooked, yet some of the natural microflora survives and is 
able to perform the fermentation (B uckenhuskes, 199 3). Nat ural fermentations in 
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vegetables usually includes growth of Leuconosroc, Pediococcus cerevisieo, 
Lacrobacillus brevis, and Lacrobacillus plantarum (Prescott. 1982). These bacteria are 
what would be expected from the vegetable matter of a stewstick. whi le Micrococci, 
Table 3-Growtlz limirs ofsome lactic acid bacteria occuring naturally in food 
Mini- Maxi-
mum mum Lethal 
growth growth time, pH pH 0 " A.. 
temp temp temp ffilnl- maxi- reqlllre- mini-
Bacteria (°C) (°C) (°C) mum mum ment mum 
Lacrobacillus -S" 45" D IWC 3.2-4. 9 .6 facultative 
spp. =0 .5- 4 anaerobe 
1.00 
Leuconostoc -30 > 37 D I21 °C 3.7 7.0" anaerobe , 0.94 
spp. =D .S- m1cro-aer 
1.00 ophile 
Streprococcus <10 >50" 60°C/ 4.3-4. 9.2 facultative 
spp. 30rnin" 8 anaerobe 
Pediococcus <5 >50 70°C/ 4.2 8.5 anaerobe 
spp . IOmin 
Lactococcus <Y -+0" < 4.6" 9.2" facultative 
SEE · anaerobe 
a species dependent 
16 
Leuconostoc, Lactobacilli, and Sraplzylococci would be derived from the meat rJay, 
1986; Buckenhuskes. 1993). Manv lactic acid bacteria are considered to be 
thermoduric. They are able to survive high-temperature heat treatments, although would 
not necessarily grow at high temperatures. Streptococcus and Lactobacillus are often 
thermoduric, and other bacteria may be (Jay, 1986) . 
Vacuum-packaged fermented products 
The production of a vacuum-packaged, cooked meat and vegetable product has 
not been documented in the literature. In a vacuum packaged vegetable, lactic acid 
bacteria will achieve quick dominance (Kitchell and Shaw, 1975). Some bacteria, such 
as heterofermentative lactic acid bacteria, should not be used as meat fermentation 
inoculum because they produce off flavors and carbon dioxide. Therefore, it is 
necessary to control fermentation and control all end products. Vegetable fermentations 
are of higher quality when they too are controlled. Most vegetables are still fermented 
by natural rnicroflora, but the addition of inoculum gives predominance to certain 
favored bacteria (Buckenhuskes. 1993 ). 
Competitive inhibition of pathogens by 
lactic acid bacteria 
The use of competition between bacteria as a means of biological control of 
food borne disease is discussed by Stiles ( 1994 ). The use of food fermentations has 
long been used to inhibit growth of spoilage and pathogenic bacteria, because 
fermentative bacteria compete for substrates of growth and often produce growth 
inhibiting end products (Stiles. 1994). 
At A" ::::: 0.955, or pH< -L75 , Closrridium botulinum is unable to produce toxin 
in vacuum-packaged potatoes \Dodds, 1989) . These A" and pH levels are still suitable 
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for the growth of the lactic acid microflora, allowing natural fermentation to occur. 
Many lactic acid bacteria produce antagonistic substances which control growth of other 
bacteria, especially gram positive bacteria (Lewus et al., 1991). The antimicrobial 
polypeptide nisin, produced by some strains of Lactococcus lactis, is known to 
effectively stop growth of C. sporogenes (and probably C. botulinum) by limiting 
proton motive force and depleting ATP reserves (Okereke and Montville, 1992). The 
inhibition of the growth of clostridia is important in anaerobically stored meat to prevent 
spoilage and intoxication (Molins et al., 1985). In a vacuum package with low oxygen 
permeability, pH is one of the primary selective factors against microbial growth. A 
vacuum-packaged meat product of high pH allows the growth of Yersillia 
enterocolitica, Serratia liquefaciens, Altermonas putrefaciens, and Lactobacillus 
(Jay, 1986). If the pH is~ 5.6, the dominant microflora consists of lactic acid bacteria, 
mostly Leuconostoc and Lactobacillus (Jay, 1986). 
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OBJECTIVES 
Hypothesis: A hurdle system with pH, Aw, and vacuum packaging as limiting factors 
will inhibit growth of C. botulinum. 
The goal of this study was to: 
1) Use C. sporogenes PA 3679 spores as a surrogate for C. botulinum 
spores in stewsticks to determine the Aw and pH needed to obtain a 
shelf-stable stewstick safe for consumption . 
2) Use a factorial model to determine the effect of pH , Aw, inoculation 
level , and time on C. sporogenes. 
3) Determine if spoilage bacteria can grow in stewsticks. 
To determine whether C. botulinum could grow in processed stewsticks , the 
related indicator organism Clostridium sporogenes PA 3679 was used. The parameters 
varied were pH and water activity, which were adjusted to challenge the limits of 
clostridial growth. Other antimicrobial hurdles present were kept constant while pH and 
Aw were varied, and effects on growth were analyzed. Either a Aw level< 0.94 or pH< 
4 .8 is the lower limit of clostridial growth. The Aw levels and pH level s were adjusted 
around these two lower limits. 
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MATERIALS AND METHODS 
Experimental design and statistics 
This experiment was a 3 x 5 x 2 x 3 factorial, split-split-split plot design, with 
three pH treatments (pH 4.8, 5.3, and an unadjusted control of 5.5), five Aw levels 
(0.96, 0.94, 0.92, 0.90, and 0.88), two inoculation levels ( 106 spores/g and 
uninoculated control), and three incubation times (0, 15, 30 d), with two replications, 
for a total of 180 treatment combinations. There were no repeated measures as each 
stewstick sampled at each time was from the same batch, but from individual packages, 
each with its own environment. Using ANOV A (analysis of variance), the model was 
defined as: 
y = ll + Ri + Pj + Bij + Ak +II +Aikl + PAjk + Piji + 
+PAijkl + ¥ijkl + T m + PTim + A Tkrn + lTlm + AITkJm + 
+ PATjkrn + PITjim + PAITjklm + 0ijklm, 
where B, ¥, and 0 are error terms, and 
R = replicates 
P= pH 
A=~ 
I = inoculum level 
T =time (days) 
i= 1,2;j= 1,2,3, 4, 5;k= 1,2,3;1= 1,2;m= 1,2,3 
Equation 4 
The relationship between Aw and spore count (clostridial spores/g) analyzed by 
ANOV A was further tested using a test of orthogonal polynomials (Dowdy and 
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Weardon, 1983) for determination of linear or quadratic relationship. The relationship 
could be tested using this statistical analysis because the increments between Aw levels 
were spaced evenly. Analysis of this relationship using orthogonal polynomials 
provided a more focused comparison with greater power than ANOVA to determine 
significantly different effects. 
Orthogonal polynomials are a preplanned comparison used to do post-ANOV A 
mean separation to discover if a polynomial curve will fit a relationship between 
treatment means. Orthogonal polynomials were used in this study to measure whether 
means for the estimates of MPN estimate of clostridial spores/g were affected by 
different levels of Aw. The equation of the line resulting from the plotted means is 
compared to zero. The treatment must also create a significant (P < 0.05) polynomial 
relationship, either linear, quadratic, cubic or quartic, for any variability will greatly 
reduce the significance of the relationship. A polynomial equation that is different from 
zero is significant. 
There were five equally spaced increments of Aw, and 36 observations taken of 
each Aw level. The mean of the observations at each Aw level was multiplied by the 
number of observations at that level. The product was called the treatment total. Each 
treatment total was then used in the calculation of the contrast. The linear coefficients 
-2, -1, 0, 1, and 2 were multiplied by the Aw totals, the lowest Aw level with the smallest 
coefficient and the highest Aw level with the highest coefficient. The sum of the products 
was called the contrast. The divisor was the sum of the squares of the linear coefficients 
multiplied by the number of observations at each Aw level. The sum of squares was the 
square of the contrast divided by the divisor. Because the number of degrees of 
freedom is one, the sum of squares was also the mean square. 
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The MPN estimations used for the calculations of statistical relationships were 
adjusted from the reported MPN values seen in Table 10 (Appendix A). The 
adjustments were made to give absolute values to MPN values which were reported as 
less than or greater than. Values of< 3, < 0.3 , and< 0.03 were replaced with the 
absolute values 1.0, 0.1, and 0.01, respectively. MPN values which were> 240,000 
were replaced with 300,000, the next highest number on the order of 105, so that 
statistical analysis could be done on fixed values. Initial MPN estimates were 
transformed to natural log values. To convert to log base 10, divide natural log values 
by 2.3. 
Preparation of clostridial spores 
Freeze dried cultures of Clostridium sporogenes PA 3679 were obtained from 
American Type Culture Collection (Rockville, MD), and prepared according to the 
instructions given for regrowth. The culture was rehydrated by growth in 500 rnl of 
sterile, anaerobic Brain Heart Infusion broth (BHI) after initial regrowth (Goldini et al., 
1980). 
In this method, 500 rnl BHI in a sterile 1 L flask was overlaid with 200 rnl sterile 
mineral oil to create an anaerobic environment (Appendix B). The broth was inocluated, 
heat shocked 13 min at 82-83°C, incubated at 30°C for 2 wk to promote growth, and 
then held at 20°C for 1 wk to promote sporulation. Sterile glass beads (2 mm diameter; 
Sigma, St. Louis, MO) were added to the medium to aid in breaking up clumps when 
the medium was shaken. 
An endospore stain was done to estimate ratio of spores to vegetative cells and it 
was determined that spores were nearly all that was left in culture (Appendix B). To 
harvest spores, oil was drained off the medium. The medium was then poured through 
four layers of sterile cheesecloth into a sterile flask, removing the glass beads and 
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clumps of dead cells. The filtered medium was then placed into sterile centrifuge tubes 
and centrifuged at 4°C for 10 min at 10,410 x g. The supernatant was discarded and the 
spore pellet was resuspended in sterile M/15 phosphate buffer (pH 7.0; Appendix B), 
and centrifuged 10, 410 x g for 10 min at 4 oc again. The pellets were combined into 
two centrifuge tubes, resuspended in MJ 15 phosphate buffer (pH 7 .0), and centrifuged 
10, 410 x g for 10 min at 4°C. The supernatant was poured off and the pellet 
resuspended in M/ 15 phosphate buffer (pH 7 .0) for storage at 4 oc. 
Enumeration of inoculum 
-4 Spread plate enumeration for spores was done at several different dilutions (10 
to 10-
7
), in duplicate, using sterile peptone dilution blanks (0.1 %; Appendix B). The 
-? 
initial dilution ( 10 -) was heat shocked ( 15 min immersion in 80°C water) to activate the 
spores. The dilutions were plated onto anaerobic egg agar which was incubated 
anaerobically prior to inoculation to ensure plate sterility (Appendix B). When dry, the 
plates were set into an anaerobic chamber and incubated at 37°C for 24-48 h, then 
counted. A colony produced by clostridia was opaque with an irregular edge. 
Adjusting cooked product pH 
A preliminary experiment was performed to determine amounts of Cap-shure 
encapsulated lactic acid (LCL-135-50; Balchem Corp., Slate Hill, NY) needed to obtain 
the desired pH levels. The pH level of the pre-acidified stewstick was pH 5.5. By 
adding 0.5 g lactic acid to 100 g raw stewstick, and subsequent heating of the stews tick 
for 2 hat 75°C the pH was lowered to 5.3. Addition of 1.1 g lactic acid to 100 g raw 
stewstick and heating as before lowered the pH to 4.8. These values were extrapolated 
to batch stewstick formulations. 
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Product preparation 
2 Stewsticks were made in a USDA inspected 938.8 m meat processing facility. 
All instruments were cleaned and sanitized before processing, and product contact with 
humans was kept to a minimum. All procedures followed were according to GMP 
(United States Food and Drug Administration, 1985). Commercial processing of 
stewsticks ensures an internal temperature that reaches 74°C, to ensure non-spore-
forming pathogenic bacteria are killed (Mossel eta!., 1994). 
To make stewsticks, beef and pork (1: 1 ratio) were ground through a 3/8" plate 
(Hobart model4152, Troy, OH). The meat was mixed with salt and spices in a small 
Hobart mixer (Hobart model A200F, Troy, OH) until the mixture was sticky ( -5 min). 
Partially rehydrated vegetables (sliced potatoes, 1/4" diced green bell peppers, minced 
onion, tomato powder, 1/4" diced carrots) (Basic Vegetable Products, Blackfoot, ID) 
were then added at a 1: 1 ratio with the meat mixture and thoroughly mixed. The formula 
for stewsticks is given in Table 4. Meat mixtures were inoculated with 1Q6 spores/g. 
Each mixture was then transferred to a Vemag extruder (Model Robot 500, Robert 
Reiser, Inc., Canton, MA). 
The control, which was not inoculated with clostridial spores, was extruded 
first. The meat/vegetable mixture was extruded in strips 0.6 em thick, 3.2 em wide, and 
91.4 em long. These strips were placed on metal racks and immediately placed in a I 00 
em x 95 em x 150 em oven (Vortron Inc., Beloit, WI. Model TR2-170). The oven 
contained a fan to ensure uniform temperature distribution. Cooking was done at 74°C 
for 0.0, 0.5, 1.0, 1.5 and 2.0 h, to obtain product Aw of 0.96, 0.94, 0.92, 0.90, or 
0.88, respectively. 
The pH of the product was also adjusted, to 4.8 or 5.3, using encapsulated lactic 
acid (Cap-Shure LCL-135-50, Balchem, Corp., Slate Hill, NY). The normal pH of 
the stewsticks was pH 5.5. According to Rockland and Stewart (1981 ), any pH in the 
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Table 4-Formula for stewstick production 
Ingredient Amount (g) %of total 
Pork 740.0 34.9 
Beef 740.0 34.9 
potato 125.0 5.9 
carrot 60.0 2.8 
onion 45.0 2.1 
green pepper 15.0 0.7 
tomato powder 45.0 2.1 
water 290.0 13.7 
salt 45.0 2.1 
black pepper 5.2 0.2 
red pepper 4.8 0.2 
garlic powder 1.0 0.05 
whole fennel seed 3.3 0.2 
fennel powder 4.0 0.2 
stews tick 2123.3 100.0 
range 5.3 to 5.8 is high, compared with pH's that prevent bacterial growth. The 
intermediate pH level of 5.3 was chosen because Rode! et al. (1981) chose a pH ::::; 5.2 
as a maximum pH, which prevents growth of bacteria when accompanied by a Aw of 
0.95. Thus, pH 5.3 should allow bacterial growth, even at Aw levels below Aw 0.95. 
To lower the pH in the various batches of stewsticks, encapsulated lactic acid was added 
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to the batches, mixed, and inoculated or left uninoculated. Uninoculated samples were 
controls (further references will be called uninoculated). A flowchart of stewstick 
production is shown in Figure 1. 
Immediately after packaging, and for 3 mon storage at 21 °C, the indicator strips 
remained white, indicating the package no longer contained oxygen at levels able to deter 
botulinal growth. One indication of microbial growth was gas production causing 
package swelling. 
Stewstick storage 
The vacuum packaged samples were incubated at 37°C in ambient air (Sargent 
Welch, Salt Lake City, UT). Samples were removed for plate count enumeration at 0, 
15, 30, and 60 d. Packages were visually inspected daily for the presence of gas 
production, as an indicator of growth. The sample pH and Aw were measured at three 
different storage times (0, 15, and 30 d). 
MPN estimate of clostridial 
growth in stewsticks 
Twenty-five grams of each sample was homogenized in a sterile blender with 90 
mL of 0.1% peptone water diluent for a 10-1 dilution. The samples were then 
transferred into a consecutive series of dilution bottles, so that the highest dilution could 
be inoculated into each of three peptone colloid broth (Appendix B) MPN tubes and 
none showed black precipitate due to clostridial growth (i.e., the series was diluted to 
extinction; Post, 1988). Each tube was made anaerobic using a mineral oil overlay. A 
positive tube was indicated by black color anywhere in the tube. A negative tube was 
indicated by a yellow-colored tube. For every sample, a duplicate preparation was also 
made. The duplicate set was subjected to a heat shock (80°C for 10 min) that would kill 
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Beef: Pork 
(1:1) 
Dehydrated vegetables r H,O 
Refrigerate overnight (4°C) 
-----.1 
Grind (3/8" plate) 
l 
Mix (meat only) 
5 min 
Ground vegetables 
r- Spices 
Mix 10 min 
l 
Mix 10 min 
1--- Acid (as needed) 
Mix (until uniform) 
Inoculate C. sporogenes 
(106 spores/g) 
Inoculated batch extruded 
l Smokehouse (74°C) 
Figure l-Flow chart of stewstick production. 
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vegetative cells and activate spores, to determine spore numbers. All tubes were 
incubated at 37°C for 1 wk. Oil overlays remained intact and the tubes stayed anaerobic. 
The microbiological analysis of stewsticks was similar to that done by Mettanant 
(1982; Appendix B). The MPN tube method used modified peptone colloid broth 
because it was an easy method of seeing clostridial growth and did not require 
differentiation between clostridial and nonclostridial colonies on agar. This method 
indicated clostridial growth by formation of black ferrous sulfide in positive tubes. The 
black color appears due to the ability of clostridia to reduce FeS04 to FeS, and the 
subsequent precipitation of the iron sulfide out of the medium (Windholz, 1976). This 
reaction can be caused by any anaerobic organism capable of reducing iron. By 
comparison to samples not inoculated, the number of C. sporogenes PA3679 able to 
germinate was determined. 
An MPN procedure of three replicates per dilution was chosen. The last dilution 
in which all three tubes were positive was chosen and then the next two higher dilutions 
were chosen. These were then read from a three-tube MPN chart to estimate the cell 
number (Post, 1988). 
Water activity analysis 
The ~ analysis of the samples of raw and cooked stew sticks was performed 
using Aw-Value Analyzer Model5803 (Abbeon Cal, Inc., Santa Barbara, CA). The Aw 
meter was standardized weekly against a barium chloride solution of Aw = 0.90. The 
readings were taken after incubation for 3 h at 20 oc. 
Measurement of pH 
The pH measurements were done on a pH meter adjusted to room temperature 
(Fisher Scientific, Salt Lake City, UT), using a combination pH probe. Ten grams of 
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the cooked or uncooked samples at room temperature was added to 90 ml of sterile 0.85 
% saline solution and blended on high in a sterile blender jar for 60 s. The pH was 
measured on every sample and at every sampling time. 
Isolation of environmental bacteria 
from stewsticks 
Ten packages of stewsticks incubated for 2 wk or 1 mon were opened and a 25g 
sample was aseptically removed from each, then transferred to 225 ml of sterile peptone 
in blender jars. The samples were blended on high for 1 min. Each sample was 
transferred to four plates of Elliker's agar, a nonselective medium (Appendix C), and 
four plates of Standard methods agar, for total aerobic plate count (Appendix C), using 
spread plate technique. One plate of each agar was placed in an incubator at 7°C, 30°C, 
and 37°C. The extra standard methods agar plates were incubated anaerobically at 30°C. 
A colony of each distinctly different morphology was chosen and inoculated into 
Rogosa broth (Difco, DF0478-17, Maston, WI) containing Durham tubes (Appendix 
C). Rogosa broth is a low pH medium which selects lactobacilli. Each was also tested 
for catalase production (Appendix C) and gram reaction (Appendix B). Any 
microorganism that grew in the Rogosa broth (Appendix C) was further cultured, and 
observations for gas production were taken daily. 
Strains able to grow in Rogosa broth were further cultured in Rogosa broth and 
grown anaerobically on Rogosa agar (Difco, DF0480-17, Mauston, WI; Appendix C). 
The Rogosa plates containing cultures were then swabbed and the cultures were 
transferred to API 20A strips (BioMerieux Vitek, Inc., Kansas City, MO). These strips 
contain 21 different biochemical tests performed anaerobically. The swabbed cultures 
were put into API anaerobe basal medium. The basal medium was put into API strips, 
each of 20 wells. Each of the wells contained different substrates for growth. Sixteen 
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wells contained carbohydrates and bromcresol purple dye, which when fermented 
would turn yellow as the pH decreased. The different carbohydrates were glucose, 
mannitol, lactose, saccharose, maltose, salicin, d-xylose, !-arabinose, cellobiose, 
glycerol, mannose, melezitose, raffinose, sorbitol, rhamnose, and trehalulose. One well 
contained tryptophan, a substrate for indole production. Indole production was detected 
by addition of xylene to extract and concentrate the indole, followed by addition of 
Erlich's reagent (Appendix C), which turned from yellow to red in the presence of 
indole. Ammonia production from urea was also tested in one of the wells, with 
ammonia production detected by the change of color of added phenol red dye from red 
to yellow/orange. Production of proteolytic enzymes was tested in a well containing 
Kohl charcoal gelatin particles which liquefy, allowing diffusion of charcoal throughout 
the medium if proteolysis occurred. Esculin hydrolysis was also tested. If hydrolyzed 
it will no longer fluoresce under UV light. Catalase production was tested by the 
addition of hydrogen peroxide to the well containing mannitol. The appearance of 
bubbles indicated the presence of catalase. 
The selected strains were cultured onto Microplate GP plates (Biolog, Inc ., 
Hayward, CA). Each strain was anaerobically grown on Bla agar (Biolog; Appendix 
C). After 24 h the plates were swabbed into sterile saline solution to a transmittance of 
35 to 42% (approximate cell density of 4.5 x J08 cells/ml). The inoculated saline was 
then pipetted into each of 96 wells of the Biolog GP plate, 150 jll per well. Each well 
contained the oxidation-reduction dye tetrazolium purple, to indicate microbial use of a 
carbon source. The indicator dye will tum from colorless to purple when carbohydrate is 
oxidized, causing reduction of the dye. The plates were then incubated aerobically at 
37°C. Plates were checked for purple color formation after 4 and 24 h, but there was 
not sufficient growth to take readings. After 30 h, readings were taken and each well 
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showing a purple color or precipitate was given a positive result for growth. The pattern 
of positives and negatives were entered into the gram ( +) Biolog identification program. 
The cluster analysis pattern is indicative of the identity of each organism. 
The organisms were further cultured into Rogosa broth containing various levels 
of glycerol to measure growth of each at reduced Aw levels. Eight series of tubes were 
created with each tube containing 0.5 rnl more glycerol than the last. The bacteria were 
cultured into each series of tubes, and the first tube where an organism could not grow 
was analyzed for Aw, to determine the Aw level at which the organism cannot grow. 
The organisms isolated from the stewsticks were then reintroduced into the fresh 
stewstick meat. The growth of each organism was monitored, as the packages were 
incubated at 37°C. Gas production, color change, and pH were monitored for each 
strain. The stews tick packages were reopened and 25 g of stews tick was aseptically 
transferred into sterile blender jars containing 225 rnl 0.1% sterile peptone. The samples 
were blended on high and plated onto Elliker's agar. The plates were incubated at 37°C 
in an anaerobic chamber overnight. The plates were examined and the predominating 
colony type was gram stained and catalase tested. If these tests matched previous tests 
for the organisms initially inoculated into the vacuum packages, then further tests were 
run including growing the cultures in Rogosa broth using Durham tubes to look for gas 
production and the use of API 20A strips to look at metabolic ability. 
The organism that produced the greatest defect, gas production, was sent for cell 
wall fatty acid analysis (Analytical Services, Williston, VT). Only one strain was sent 
for identification this way. All other strains were characterized by physiological aspects 
and metabolic traits, and possible identities were recorded. 
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RESULTS AND DISCUSSION 
At the outset, the expectation was that vegetative cells would increase in some 
conditions, while the spore population would decrease. Hence, two types of assays 
were done- one which heated the subsamples to kill the vegetative cells and activate the 
spores (CS), and another assay without heating to represent the vegetative clostridia and 
spores (VCAS). ANOV A was done for each subsample and each is described 
individually. 
MPN estimates at time 0 days are often one log below that inoculated. This 
decrease in spore load may be due to spore injury during processing, the decreased 
ability of spores to grow at pH 5.5, spore inactivation by stewstick ingredients, or the 
inability of the peptone colloid agar to recover damaged spores (Michels et al. , 1983; 
Marotti et al. , 1994; Li et al., 1993). It may also be due to the initial germination of 
some spores during stewstick processing, before day 0 enumeration. Comparing MPN 
estimates of inoculated and uninoculated samples showed that the different Aw levels 
often effect the inoculated and environmental clostridia in much the same way. 
Analysis of heat-activated 
clostridial spores 
Heat-activated subsamples estimated the spore population (CS) and were found 
to be significantly influenced by inoculum level (P < 0.001 ), package storage time (P 
< 0.001 ), and numerous interactions ranging from P < 0.001 to 0 .062 (Table 5). 
Main effects of CS 
An expected effect of low pH would be a spore decrease; but pH did not 
significantly effect spore survival (P = 0.115; Figure 2). This is interesting, as low pH 
stops germination. The spores, sensing a hostile environment, would not germinate 
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Table 5-ANOVA of the natura/log of the MPN estimate for CS stewstick 
samples 
Degrees Sum of Mean p 
Source of variance freedom squares square value 
Replicate 0.031 0.031 0.878 
pH 2 60.655 30.327 0.115 
Error A 2 7.858 3.929 
Water Activity (~J 4 12.953 3.328 0.297 
Inoculum level 2024.461 2024.461 <0.001 
(Inoc) 
~ * Inoc 4 30.898 7.725 0.032 
pH* Aw 8 56.609 7.076 0.020 
pH * Inoc 2 10.941 5.471 0.132 
pH * Aw * Inoc 8 21.863 2.733 0.394 
Error B 27 67.516 2.5006 
Time (T) 2 574.069 287.035 <0.001 
pH* T 4 30.382 7.596 <0.001 
~*T 8 29.808 3.726 0.009 
Inoc * T 2 17.866 8.933 0.002 
~ * Inoc * T 8 37.566 4.696 0.002 
pH *~* T 16 36.177 2.261 0.062 
pH* Inoc * T 4 0.945 0.236 0.947 
pH * Aw * Inoc * T 16 18.691 1.168 0.571 
Error C 60 77 .734 1.296 
Total 179 3117.026 
and therefore never became vegetative and were not affected by the different pH levels. 
Thus, there was no significant difference between the spores able to germinate when 
heat activated for enumeration. 
5 
4.5 
2.5 
2 
4.8 5.3 
pH 
- l 
a 
5.5 
Figure 2-Mean natural log of clostridial spores at each pH level (LSD = .392). 
Dissimilar letters represent significant treatments. Error bars are ± one standard error. 
Inoculation level of CS stewsticks (Figure 3) is a significant (P < 0.001) main 
effect. The least significant difference (LSD) is 0.392. It is not surprising that 
inoculation level is significant, as there are 106 spores/g added to inoculated stewsticks. 
uninoculated stewsticks only had environmental levels of clostridia. 
Time significantly (P < 0.001) effected CS estimates (Figure 4). The mean of 
CS treatments at all time points were significantly different from one another. During 
storage, spores were damaged, possibly by changing pH in the stewstick. This is 
reflected in Figure 4 where more spores germinated on day 0 than on day 60. 
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Figure 3- Mean natural log of clostridial spores from inoculated and uninoculated 
stew stick samples (LSD = 0.392). Dissimilar letters represent significant treatments. 
Error bars are ± one standard error. 
Surprisingly, Aw was not significant (P = 0.297) using ANOV A (Table 2). 
However, a linear decrease in spore content was observed as Aw increased (Figure 5). 
This linear decrease suggested a significant relationship may exist. To verify this 
observation, an orthogonal comparison was done. This is a planned comparison 
-
technique, in which the set of single-degree-of-freedom orthogonal polynomials was 
contrasted to evaluate potential treatment effects. Each orthogonal polynomial 
represented a set of equations that was associated with an exponential regression for 
each treatment effect (Little, 1978; Steel and Torrie, 1980; Dowdy and Weardon, 1983). 
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Figure 4-Mean natural log of clostridial spores for 0, 30, and 60 d (LSD= 0.416). 
Dissimilar letters represent significant treatments . Error bars are± one standard 
error. 
In this case, with five levels of Aw, the data for zero order, linear, quadratic, 
cubic and quartic responses of this effect were examined (Table 6). This analysis found 
that Aw significantly influenced spore content (P = 0.025). 
Single degree of freedom, orthogonal contrasts may reveal significant effects in data 
even when the F test from ANOV A does not (Little, 1978). The F test from ANOV A 
represents a sum over all treatments, which is a more diffuse test for treatment effects, 
while orthogonal polynomials represent a set of more focused tests that examine 
tendencies in the data for a single parameter. For example, with five Aw levels, there are 
four degrees of freedom available for testing the effects of Aw. Each of these four 
degrees of freedom may be used individually to look for linear, quadratic, cubic, and 
quartic effects in the data. Therefore, in the ANOVA the denominator used to compute 
the mean square for Aw is four. However, the denominator used to compute the mean 
square for each orthogonal polynomial regression is one. Because the majority of the 
variation in Aw was associated only with the first-order (linear) polynomial, a 
substantially larger mean square was generated by orthogonal polynomials than by the 
overall ANOVA. Specifically, while the total sum of squares for Aw was 12.95, the 
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Figure 5-Mean natural log of clostridial spores at each A"' level. Dissimilar letters 
represent significant treatments. Error bars are ± one standard error. 
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Table 6-A planned comparison, using orthogonal polynomials, of the Aw level in CS 
subsamples from each stewstick treatment. Spore recovery at every Aw level was 
multiplied by the number of samples (36) at every level. This number gives a treatment 
total used in the calculation of orthogonal polynomials 
~. level 
0.88 
0.90 
0.92 
0.94 
0.96 
Contrast (C) 
Divisor (D) 
Sum of Squares (C2/D) 
Mean Square 
F value 
P value 
Treatment totals 
152.2296 
143.856 
138.7512 
130.2552 
124.9992 
Linear relationship 
-2 
-1 
0 
2 
-68.0616 
360 
12.868 
12.868 
5.146 
0.0248 
sum of squares for the linear polynomial was 12.87 (i.e., 99% of the total variation was 
accounted for by the linear effect of Aw; Figure 6). With an error mean square of 2.50, 
the corresponding mean square from the ANOVA and the linear polynomial were 3.24 
and 12.87, which yielded F values of 1.30 and 5.15, respectively. The same analysis 
applied to~ level in VCAS treatments resulted in an insignificant relationship. 
Orthogonal polynomials were not applied to other data sets within these models because 
the way that the ANOVA model was set up does not apply to orthogonal polynomial 
analysis. LSD comparisons were applied instead. 
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Contrary to the literature, higher Aw levels resulted in fewer spores than low Aw 
levels. This result suggests that fewer spores were activated and able to grow out at 
Aw of 0.88 than 0.96. Spores will not germinate in harsh conditions such as low Aw; 
therefore, more spores may have germinated at Aw 0.96. When spores germinated, the 
resulting vegetative cells were killed from the heat treatment, and fewer spores were still 
present in the assay. Also, at Aw 0.96 many types of acid-producing vegetative bacteria 
grew, resulting in stews tick pH = 4.2 after storage for 60 d, and acid conditions cause 
spore activation (Blocher and Busta, 1983). The acid environment in stewsticks at Aw 
0.96 could have caused activation of the spore, germination would take place at high Aw 
levels, and again the vegetative cell would be harmed by the heat activation, acid 
environment, or both. Nieto and Toledo ( 1988) stated that Aw was the most significant 
160,---------------------------------~ 
y = -340.308x + 451.102 r2 = 0.993 
120+-------~------~------~------~ 
0.88 0.90 0.92 
Aw level 
0.94 0.96 
Figure 6-(Mean of the natura/log CS) * (the number of observations (n = 36)) at 
every Aw level. 
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factor affecting C. sporogenes PA 3679 growth in fish sausage. On viewing the 
significant relationship of Aw on MPN estimates, generated using orthogonal 
polynomials (Table 6), it appears stewsticks are also greatly affected by Aw. 
The orthogonal polynomial comparison resulted in an inversely linear model 
(Figure 6) . The regression equation (R2 = 0.993) for this line was used to extrapolate 
the clostridial spore load as the Aw increased. This analysis predicted that the spore load 
would be zero at at Aw = 1.33. Since Aw cannot be higher than 1.00, we concluded that 
a spore level of zero is not achievable by manipulating ~ alone. 
Two- and three-way interactions of 
heat-activated clostridial spores 
The interaction between Aw level and inoculation level significantly influenced 
spore content (Figure 7; P < 0.001). In inoculated samples, as Aw increased, spore 
8 
0.88 Spores 
- Aw inoculated/g 
Figure 7-Mean natural log of clostridial spores at 5 Aw levels for inoculated and 
uninoculated samples. 
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content decreased significantly (Table 7). This trend was not seen in uninoculated 
samples. Aw seems to have affected uniformly produced, inoculated spores in a different 
way than environmental spores, possibly due to the different physiology of each type of 
environmental spore. 
The interaction of~ and pH was also significant (P = 0.032; Figure 8). At 
nearly every Aw level, pH 5.3 was better at preventing spore growth. The best condition 
for spore germination was pH 5.3 with an Aw of 0.96. At pH 5.5, Aw 0.96, many 
clostridial spores germinated and thus more vegetative clostridia were destroyed by the 
heat treatment, or other bacteria present. At pH 4.8, and all Aw levels, clostridial spores 
decreased. Presumably, more spores would have become vegetative, so were killed 
during heating. 
Table 7-Results oft-test of Aw treatment means for CS subsamples. 
Comparison of treatment means from 
inoculated samples at each ~level t-test Relationship 
0.88 vs . 0.90 0.832 insignificant 
0.88 vs 0 .92 0.693 insignificant 
0 .88 vs. 0.94 2.549 insignificant 
0.88 vs. 0.96 3.179 significant 
At all pH levels, CS spore estimates decreased significantly over time (P < 
0.001; Figure 9). A sharper decline was seen in samples at pH 5.5. Spores decreased 
during storage presumably due to germination loss and age inactivation. Conditions for 
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Figure 8-Mean natural log of clostridial spores at 5 Aw levels and pH 4.8, 5.3, and 
5.5. 
spore germination seemed more conducive at pH 5.5, and as samples incubated, this pH 
level caused a sharper decline in spore levels. 
At all Aw levels, C. sporogenes levels declined significantly over time 
(P = 0.009; Figure 10). At high Aw levels, there was a sharper decrease in spore levels 
over time. The protective effect of Aw 0.88 on the viability of clostridial spores is of 
interest. Clostridial spores at lower Aw levels showed smaller decreases in MPN over 
time. This small decrease was attributed to more spores germinating (during storage) at 
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Figure 9-Mean natural log of clostridial spores for 0, 30, and 60 d at pH 4.8, 5.3, and 
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Figure 10-Mean natural log of clostridial spores at 5 Aw levels, at 0, 30, and 60 d. 
A v 0.96, becoming vegetative, and being destroyed by the heat treatment. Also, at low 
A " levels, less environmental bacteria were able to grow, so there were fewer acid-
]producing bacteria present. This is shown in packages at Aw 0.88 which did not 
decrease below pH 5.3, whereas most packages with Aw > 0.88 did change. In 
]packages with Aw = 0.96, the pH dropped as low as 4.2. 
Spore levels in inoculated subsamples decreased over time (P = 0.002; Figure 
11). Environmental spores were not uniformly produced, and therefore do not have 
u niform growth characteristics and seem to be more tolerant of the stews tick 
environment. Uninoculated subsamples showed some initial spore loads of about 103 
spores/g. This inconsistency was likely due to extreme contamination of one localized 
region of the stewstick, most likely due to a dirt clump on or with the dehydrated 
vegetables, or spices. The interaction pH * inoculation level did not significantly affect 
spore growth. 
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Figure 11-Mean natural log of clostridial spores at 0, 30 and 60 din inoculated and 
uninoculated subsamples. 
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The three-way interaction Aw * inoculation level * time was significant (P = 
0.002). Inoculated subsamples had fewer spores grow out of stewsticks at Aw 0.94 and 
0.96, after 60 d incubation. Again, there were fewer spores present to germinate after 
60 d because they had previously germinated and died in the stewstick package. It is 
reasonable to assume a physiological difference between inoculated and environmental 
spores, because they were subjected to different sporulation conditions (Blocher and 
Busta, 1983 ). Because of this, Aw affected the two types of spores (inoculated vs. 
environmental) differently, allowing the survivors over time to distinguish themselves 
from each other further, physiologically, by showing different resistances to each Aw 
level . 
The interaction pH * Aw level * incubation time tended towards significance (P = 
0.062). At pH 5.3, after 60 d incubation, Aw 0.94 and 0.96 were best at lowering spore 
levels. This may be due to stewsticks at moderate pH levels and high Aw levels being 
more conducive to spore germination during storage, causing more spore germination, 
and therefore more vegetative cells died. This environment was also suitable for growth 
of environmental bacteria, which also may have killed vegetative clostridial. 
The interactions pH * Aw level * inoculation level and pH * inoculation level * 
time were not significant (P > 0.050). The interaction pH * Aw * inoculation level * 
incubation time also was not significant. 
Analysis of vegetative 
clostridia and spores 
Vegetative clostridia and spores subsamples did not go through heat activation, 
therefore contained vegetative microorganisms and any clostridial spores able to 
germinate without heat activation. Many treatments show low initial levels of spores, 
likely due to lack of spore activation. VCAS subsamples were significantly affected by 
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inoculum level (P < 0.001 ), time (P < 0.001 ), and other interactions P < 0.001 to 
P = 0.040 (Table 8). 
VCAS treatments had MPN estimates that were more variable than clostridial 
spore treatments. This was most likely due to a nonuniformity in the stewstick spore 
load, some spores being able to germinate without heat activation. Blocher and Busta 
( 1983) noted that conditions needed for spore germination are determined by conditions 
causing sporulation, creating spore variability. It is thought that high acid levels may 
cause the loss of Ca+2 or dipicolinic acid from a bacterial spore coat. This loss 
sensitizes the spore to gerrninants (Blocher and Busta, 1983). Activators other than heat 
include reducing agents, Ca-dipicolinic acid, ionizing radiation, urea, cycloserine, and 
time (Smoot and Pierson, 1982). 
Main effects of vegetative 
clostridia and spores 
Inoculation level of VCAS stews ticks was a significant (P < 0.001 ; Figure 12) 
main effect. Again, it was not surprising that inoculation level was significant. 
The natural log of VCAS treatments decreased significantly over time 
(P < 0.001; Figure 13). After 60 d storage, more spores would have germinated and 
died than after 0 d storage. This most likely explains the steady decrease in spore load. 
Vegetative cells did not increase, and no signs of clostridial growth were present 
(package swelling), so presumably vegetative clostridia were killed after germination. 
Neither Aw nor pH affected VCAS treatments. Aw did significantly affect CS 
subsamples, reinforcing the idea that CS and VCAS subsamples are different, so should 
be treated as such. It is possible that Aw was not a significant effect of VCAS treatments 
because any differences generated by spore germination at high Aw levels were not 
enumerated, as some spores would not grow without activation. It is also possible that 
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Table 8-Analysis of variance of the natural log transformation for MPN of VCAS 
subsamples (Replicates I and 2 for all pH levels, Aw levels, inoculum levels and storage 
times of VCAS subsamples) 
Degrees Sum of Mean 
Source of variance freedom squares square p value 
Replicate 4.189 4.189 0.053 
pH 2 630.614 15 .307 0.743 
Error A 2 88.588 44.294 
Water Activity(~) 4 13.21 3 3.303 0.527 
Inoculum level 1183.488 1183.488 <0.001 
(lnoc) 
~ * Inoc 4 47 .270 11.818 0.040 
pH * Aw 8 43.231 5.404 0.270 
pH * Inoc 2 76.160 38 .080 0.001 
pH * Aw * Inoc 8 56.324 7.041 0.135 
Error B 27 109.419 4.0526 
Time (T) 2 723 .752 361.876 <0.001 
pH * T 4 6.968 1.742 0.181 
~ * T 8 31.907 3.988 0.001 
Inoc * T 2 1.814 0.907 0.435 
~ * Inoc * T 8 13 .091 1.636 0.169 
pH*~ * T 16 21.427 1.339 0.262 
pH* Inoc * T 4 15.166 3.792 0.032 
pH * Aw * Inoc * T 16 25.061 1.566 0.147 
Error C 60 64.511 1.075 
Total 179 
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Figure 13-Mean natural log of VCAS for 0, 30, and 60 d (LSD= 0.416). Dissimilar 
letters represent significant treatments. Error bars are± one standard error. 
environmental bacteria from stewsticks grew in enumeration tubes along with spores, 
causing damage to the spores, so that they lost the ability to germinate. Observation of 
the peptone colloid tubes showed cloudiness caused by bacteria unable to reduce iron 
(no black color formation). pH did not significantly affect VCAS subsamples, likely for 
similar reasons as CS subsamples. 
Two- and three-way interactions of 
vegetative clostridia and spores 
At all Aw levels VCAS decreased significantly over time (P = 0.001; Figure 14). 
At Aw levels of 0.94 and 0.96, VCAS decreased faster than at lower~ levels . As in CS 
subsamples, high Aw was probably conducive to spore germination, but contrary to CS 
subsamples, high levels of bacteria were enumerated at Aw 0.96 in VCAS subsamples. 
CS subsamples were not enumerated for vegetative bacteria, so the difference in 
enumeration was likely due to vegetative bacteria growth. These vegetative populations 
decreased over time in all subsamples. Likely, many spores germinated during storage 
and died due to the harsh environment caused by other bacteria present. Observation of 
these peptone colloid tubes showed cloudiness caused by bacteria. It is possible that the 
severe decrease in clostridia was due to nonclostridial bacteria outcompeting clostridial 
spores within the MPN tubes, either by acid production, by antibiotic production, or by 
exhausting the nutrient supply (Okerke and Montville, 1991 ). Probably the same 
competition happened within stewstick packages. 
The interaction of pH and inoculation level, seen in Figure 15, affected VCAS 
subsamples significantly (P = 0.001). This may be attribluted to differences between 
inoculated and uninoculated spore levels. Interestingly, at pH 5.5 many more 
environmental spores were counted. VCAS levels may have been higher due to 
contamination of certain subsamples, or because VCAS at pH 5.5 are in a less hostile 
growth environment, so did not die off as fast. The enumeration of uninoculated 
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Figure 14-Mean natural log of VCAS at 5 Aw levels, at 0, 30, and 60 d. 
subsamples as each pH level creates a different shaped curve than the enumeration 
of inoculated subsamples. This may be because environmental spores were different 
4.8 
physiologically. 
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Figure 15-Mean natural log of VCAS at pH 4.8, 5.3, and 5.5 in inoculated and 
uninoculated subsamples. 
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Figure 16 shows the significant interaction between Aw level, inoculation level, 
and VCAS (P = 0.040). Again, this can be attributed to differences between inoculated 
and uninoculated spore levels. At Aw 0.96, uninoculated populations survived better 
that at Aw 0.88. At Aw 0.96, inoculated populations survive worse than at Aw 0.88 . This 
contrary difference in the effect of Aw on inoculated and uninoculated subsamples 
supports the theory that environmental spores are physiologically different from 
inoculated spores. The interactions of pH * Aw level, pH * incubation time, and 
inoculum level * incubation time did not significantly (P ~ 0.050) affect clostridial spore 
populations. 
The t-test (Table 9) of the control shows that the increases from Aw 0.88 to~ 
0.94 and Aw 0.88 to 0.96 were significant (P ~ 0.05). In CS subsamples, uninoculated 
subsamples did not show significant increases. This means that the increases seen in 
VCAS subsamples were likely due to vegetative bacteria growing more readily at Aw 
0.96 than Aw 0.88. 
The interaction of pH * inoculum level * incubation time was significant 
(P = 0.032). For preventing clostridial growth in uninoculated subsamples, pH 4.8 
was best after 60 d, but in inoculated subsamples, pH 5.5 was best after 60 d. This 
difference was likely due to the physiological differences between uninoculated and 
environmental spores. Environmental spores seem to be more likely to germinate in the 
acidic environment (pH = 4.8), possibly due to the factors that caused most of them to 
sporulate. Inoculated spores were sporulated under different conditions, so it is 
possible that pH 5.5 was conducive to germination. The premise then is that both 
inoculated and uninoculated treatments died upon germination. 
The three-way interactions of pH * Aw level * inoculation level, Aw level * 
inoculation level * incubation time, and pH * Aw level * incubation time were not 
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Aw 0.96 
1,000,000 
Inoculation 
level 
(spores/g) 
Figure 16-Mean natural log of VCAS at 5 AIV levels in inoculated and uninoculated 
subsamples. 
Table 9-Results oft-test of Aw treatment means for VCAS subsamples 
Comparison of treatment means from 
control samples at each Aw level t-test Relationship 
0.88 VS . 0.90 1.98 insignificant 
0.88 vs 0.92 -0.71 insignificant 
0.88 vs . 0.94 2.99 significant 
0.88 vs. 0.96 3.22 significant 
significant (P:::; 0.050). The four-way interaction of pH * Aw * inoculation level * 
incubation time also was not significant (P = 0.147). 
An overall conclusion can be drawn that at every Aw level of stewsticks, every 
pH level , and every inoculum level and during the entire course of the experiment, 
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clostridial spores inoculated into the stewsticks were unable to reproduce. The numbers 
of spores decreased significantly (P < 0.05) in every case. The reason for the decrease 
may be because spore activation was caused by the low pH the stewstick attained during 
incubation. This activation may have increased spore sensitivity to germinants in 
stewsticks, causing germination, and increased susceptibility of the spore to its harsh, 
acidic environment. Subsequent population increases did not occur, as conditions of pH 
and Aw were not appropriate for multiplication (Blocher and Busta, 1983). Germinated 
spores would have been susceptible to the harsh environmental conditions in stewstick 
packages and were probably inactivated, and hence spore numbers decreased. 
There were more significant interactions (P < 0.05) between treatments of CS 
subsamples than VCAS. This was most likely due to more uniform activation of the 
spores at the beginning of each MPN measurement, rather than the spores trying to 
germinate with no inducement, which would be unreliable. 
Spices and vegetables 
Appendix A shows background levels of spores which were present in 
stewsticks. MPNs of spices used are shown in Table 10. Of the spices used in the 
commercial production of stewsticks, prague powder (6.25% nitrite, 92.75% NaCl) and 
salt are not typically connected with harboring any type of bacterial growth (Jay, 1986). 
Salt is used in fermented products to select for bacteria considered natural fermentors. 
Nitrite in prague powder inhibits clostridial growth, and is suspected to induce spore 
germination. Black pepper, red pepper, garlic powder, and fennel arc all plant derived, 
hence associated with soil. Any spice that is plant derived and possibly contaminated 
with dirt would be more likely to contain high spore loads. The plant-derived sources 
did indeed have greater spore counts with black pepper being the most contaminated 
source, followed by fennel, garlic, and red pepper . Also, depending on the adequacy 
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of the processor, cleaning or irradiating spices will change spore levels. None of the 
spices used were irradiated. Garlic had quite low counts compared to black pepper. 
Fennel had high spore counts. Salt and prague powder did not have any spores grow 
out from subsamples. Red pepper did not show any clostridial growth, showing that 
not all spices were contaminated with clostridial spores. 
Vegetables included in stewsticks were also subsampled (Appendix B) for 
clostridial load. MPNs of vegetables are shown in Table I 0. All were suspected of 
having high spore contamination as they are grown in soils, and the processing of 
dehydrated vegetables is not sufficient to inactivate spores. Green pepper had the 
highest spore load and was followed by onions and potatoes. No samples taken from 
other vegetables showed spore contamination. 
Traits of other environmental bacteria 
The types of bacteria that survived and flourished were limited by the properties 
of stewsticks, including vacuum packaging, a low partial pressure of oxygen, Aw after 
normal cooking less than 0.89, pH< 5.6, and a lack of nitrite. Commercial stewstick 
cooking time is greater than 2 h and the stick may be processed with or without nitrite 
addition. The literature review would lead to the conclusion that the processing of 
stewsticks will only affect some of the natural microflora of the vegetable matter 
contained within, as it is similar to the processing done to fermented vegetables . As 
well, only certain bacteria present in the meat would be affected. 
The predominant organisms which may grow in vacuum-packaged stewsticks 
are anaerobes and facultative anaerobes, including lactic acid bacteria. The bacteria 
isolated and given codes for the purpose of identification had specific biological 
attributes, which are shown in Table 11. These bacteria were all capable of lowering pH 
of packaged stewsticks to 4.2 or less. Acid production would cause defects of taste, 
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Table 10-MPN estimation of CS and VCAS load in spices and vegetables used in 
stewstick production. Method of preparation of subsamples in Appendix B 
Mean± standard deviation Mean ± standard deviation 
Spice or for heat activated for non heat activated 
vegetable (spores/g) (spores/g) 
garlic 5501.5 ± 7776.1 76.5 ± 106.1 
fennel 2001.5 ± 2828.4 2001.5 ± 2828.4 
red pepper 0 .01± 0 0.01± 0 
black pepper 11501.5 ± 16263.4 21546.5 ± 30339.8 
prague powder 0.01± 0 0.01± 0 
salt 0 .01± 0 0.01± 0 
Green pepper 9.5 
Onion 3.5 
Carrot 1 
Potato 4 
Tomato 
meat texture, and appearance of stewsticks. It was observed that any package with acid 
production had an unattractive syneresis of fluid from the stewstick which migrated into 
the folds of the package. The aroma became quite acidic, and the acid caused the muscle 
pieces to shrink and take on a rubbery texture. Smells from similar studies have been 
described by other researchers as cheesy, acid, or sour and are due to the accumulation 
of organic acids (i.e., butyric acid) from the metabolism of glucose (Greer, 1989). 
A secondary study of indole production was performed. The bacteria capable of 
producing indole from tryptophan lost this ability after several generations in Rogosa 
55 
agar, but regained their ability to produce indole when reintroduced into stewsticks. 
Enterococci are known to produce indole, so this suggests their presence. Lactic acid 
bacteria are also suspected indole producers, and since some of the bacterial isolates 
produced indole, but were not Enterococci, it is possible that these bacteria were lactic 
acid bacteria. Indole production is unwanted in food products as it contributes to off 
flavors. 
Isolate 1P (Table 11) when inoculated to API 20 A strips showed proteolytic 
ability. Upon further culturing this strain lost its proteolytic ability. The isolate 
designated 1 E was found to produce acid and gas, which remained stable throughout all 
experiments. The gas was the most obvious visual defect produced by any of the 
strains, and would be the most damaging from a commercial perspective. For 
identification purposes, this bacterium was further analyzed for cell wall fatty acid 
content. The bacterium was found to be part of the Enterococcus genus with a 
percentage match of 0.47 (Appendix D). After 48 h the packages containing this 
organism had swollen like balloons. The smell upon opening the packages was 
distinctly sulfurous. This suggests the presence of Enterobacteriaceae, which degrade 
amino acids to produce "sulfury odors" (Greer, 1989). 
Possible identification of each bacteria according to phenotype was done. 1 0 
and Us are likely Pediococcus acidilactici. 2A and 2B seem to be the same bacteria, 
and are possibly Leuconostoc spp. llb and 1P seem to both be Steptococcus spp. and 
1Q is either Lactococcus spp. or an Enterococci (Gilliland, 1985; Bergey and Holt, 
1994). 
Biolog GP plates were inoculated for each of the eight environmental isolates. 
The plates showed growth after incubation but did not have enough wells showing 
positive for color change for the plates to be read accurately. For this reason the Biolog 
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Table 11-Metabolic traits of the environmental isolates of stewsticks. +1- means 
the test was not definitive 
Culture code 
Metabolic function lE 1P 10 lQ lJs lJb 2A 2B 
morphology ovoid COCCI COCCI COCCI COCCI COCCI COCCI cocci 
gram reaction + + + + + + + 
growth in Rogosa + + + + + + + + 
spore production 
catalase production 
indole from Trp + + + + + + + 
NH4 from urea 
gelatin liquefaction + 
esculin hydrolysis + + + + + + 
acid production from: 
glucose + + + + + + + + 
mannitol 
lactose + + + 
sucrose + + + 
maltose + + + 
salicin + + + + + + + + 
d-xylose +1- + + + + + + 
arabinose + + + + + + 
glycerol 
cellobiose + + + + + + + + 
man nose + + + + + + + + 
melezitose 
raffinose 
sorbitol 
rhamnose + + 
trehalulose + + + + + + + + 
results were omitted. 
Table 12 shows the pH levels that each organism isolated from stewstick 
packages could achieve when reintroduced into uncooked samples at high levels. 
Table 12-pH of stewsticks with selected environmental isolates reintroduced. 
Culture code 
1 E 
1 p 
10 
1 Js 
1 Jb 
lQ 
2A 
2B 
Starting pH was 5.5 
pH after 24 h 
4.4 
4.4 
4 .2 
4.2 
4.4 
4 .3 
4.4 
4.3 
The bacterial isolates showed acid production within 10 h at 37°C in large 
enough quantities to cause distinct syneresis, with loss of red color, meat shrinkage, and 
rubbery texture in all but strain IE. The color change was probably due to acid 
oxidation of the meat pigment myoglobin (red) to metmyoglobin (brown-grey). Sample 
IE did not exhibit pigment oxidation, indicating that this organism had a protective effect 
on muscle pigment, even though pH decreased. Protection could have been through 
production of a reducing compound by the organism. 
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~ level did affect these organisms. As Aw decreased, the amount of acid 
production decreased. Table 13 shows the minimum Aw for growth of each organism 
when grown in Rogosa agar and using glycerol to manipulate~ · All isolates were~ 
tolerant, with IE, the suspected Enterobacter, being the least tolerant to low Aw. 
Table 13- Aw minimum of each microorganism isolated from stew sticks 
Microorganism code minimum~ 
IE 0.88 
1 p 0.87 
10 0.87 
1 Js 0.86 
1 Jb 0.87 
IQ 0.87 
2A 0.86 
2B 0.86 
The strains of bacteria isolated from stew sticks were tolerant to acid and low ~· 
All were facultative anaerobes, indicating that they were probably lactic acid bacteria. 
Strains 10 and Us formed tetrads, indicative of Pediococci spp. Others were able to 
tolerate low~ levels well enough that they were probably Streptococcus, Lactococcus, 
Staphylococcus, Lactobacillus spp., or Leuconostoc since these bacteria are very acid 
tolerant (Mossel et al., 1994 ). 
All but one strain was capable of producing indole from tryptophan, which 
means these bacteria have great diversity and have adapted well to a high protein 
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medium. The ability to produce indole in this instance is not believed to be indicative of 
coliform presence as all bacteria except 1 Js are gram positive and only 1 E produced 
gas. Culture 1 Js was unable to ferment lactose and therefore was probably not a 
coliform, and 1 E was gram positive, so was probably not a coliform (Jay, 1986). 
These bacteria were likely similar to many strains performing commercial fermentations, 
as they came from the same origins as commercial strains, i.e., the natural rnicroflora of 
the ingredients (meat, vegetables, and spices). 
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CONCLUSIONS 
The level of clostridial spores inoculated to stewsticks decreased in every 
treatment. Environmental spores do not react to environmental changes in the same way 
that inoculated spores do, most likely because of physiological differences between 
spore types. Aw significantly decreased outgrowth of CS (P < 0.05), but not VCAS. 
Spores that did not go through heat activation would not all become vegetative. 
Bacteria found in stewstick packages produced acid during storage. They were 
all capable of growing at Aw < 0.89, but not< 0.86. Each one caused defects in 
stewsticks by producing either gas or acid (i.e. , off color and odor) . These bacteria 
were isolated from cooked stewsticks and therefore are considered thermoduric 
organisms. They would not likely survive in commercially processed stewsticks that 
have a Aw < 0.86. 
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Appendix A 
Tables of unadjusted MPN data 
Table 14. MPN estimations tor CS treatments at pH 5.5. Time 0 = 0 days incubation, 
I = 30 days incubation. 2 = 60 days incubation 
Replicate pH ~v Inoculum Time MPN MPN 
level replicate 1 replicate 2 
5.5 0.96 0 0 23 150 
5.5 0.96 0 <3 <3 
5.5 0.96 0 2 <3 < 0.3 
5.5 0 .96 0 15000 20000 
5.5 0.96 I 10000 1000 
5.5 0.96 I 2 1500 <3 
5.5 0.94 0 0 30 15 
5.5 0.94 0 I 23 1 1 
5.5 0.94 0 2 < 0.3 3 
5.5 0.94 0 > 240000 93000 
5.5 0.94 10000 2100 
5 .5 0.94 I 2 23 23 
5.5 0.92 0 0 150 10 
5.5 0.92 0 <3 <3 
5.5 0.92 0 2 0.4 < 0.3 
5.5 0.92 0 > 240000 300000 
5.5 0.92 2300 1000 
5.5 0.92 I 2 460 10 
5.5 0.90 0 0 43 23 
5.5 0 .90 0 <3 10 
5.5 0.90 0 2 0.3 < 0.3 
5.5 0.90 0 9100 300000 
5.5 0.90 I 360 930 
5.5 0.90 I 2 240 360 
5.5 0.88 0 0 43 23 
5.5 0.88 0 1 <3 10 
5.5 0.88 0 2 < 0.3 7 ., __ ) 
5.5 0.88 0 11000 93000 
5.5 0.88 2300 2300 
5.5 0.88 ') 460 2-tO 
Table I 5. MPN estimations for CS treatments at pH 5.3. Time 0 = 0 days incubation, 1 
= 30 da~s incubation, 2 = 60 days incubation 
Replicate pH ~v Inoculum Time MPN MPN 
level replicate 1 replicate 2 
5.3 0.96 0 0 0.3 2.9 
5.3 0.96 0 < 0.3 < 0.3 
5.3 0.96 0 7 < 0.3 < 0.3 
5 .3 0.96 0 9100 11000 
5 .3 0.96 l 23 23 
5.3 0.96 I 2 15 II 
5.3 0.94 0 0 0 .3 2.1 
5.3 0.94 0 0.11 < 0.3 
5.3 0.94 0 2 < 0.3 < 0.3 
5.3 0.94 0 9100 11000 
5.3 0.94 210 43 
5 .3 0 .94 1 ') 36 16 
5.3 0 .92 0 0 0.23 1.2 
5.3 0.92 0 0 . 15 0 .2 
5.3 0.92 0 7 0.11 12 
5.3 0.92 0 9100 11000 
5.3 0.92 460 4600 
5.3 0.92 1 ') 290 640 
5.3 0.90 0 0 IS 3 
5.3 0.90 0 0.24 1.6 
5.3 0.90 0 ') 0.15 0 .2 
5.3 0.90 0 3000 11000 
5.3 0.90 930 4600 
5.3 0.90 1 .., 210 950 
-
5.3 0.88 0 0 15 20 
5.3 0.88 0 2.6 2.6 
5.3 0.88 0 2 0.19 0.13 
5.3 0.88 0 3600 11000 
5.3 0.88 2900 4300 
5 .3 0.88 I 2400 640 
-
Table 16. MPN estimations for CS treatments at pH 4.8. Time 0 = 0 days incubation. 
I = 30 davs incubation, 2 = 60 days incubation 
Replicate pH A,_v Inoculum Time MPN MPN 
level replicate 1 replicate 2 
--1-.8 0.96 0 0 4300 II 
4 .8 0.96 0 110 2.3 
4 .8 0 .96 0 2 <3 <3 
4.8 0.96 0 46000 24000 
4.8 0.96 I 23000 150 
4.8 0.96 I 2 10 3.6 
4.8 0.94 0 0 100 36 
4 .8 0.94 0 1 4.3 3.6 
4 .8 0.94 0 2 <3 <3 
4.8 0.94 0 39000 23000 
4 .8 0.94 1 2300 230 
4.8 0.94 I 2 10 II 
4 .8 0.92 0 0 2.3 9.1 
4 .8 0.92 0 1 2 0.91 
4.8 0.92 0 2 0.36 0.72 
4.8 0.92 0 23000 14000 
--L8 0.92 2400 1400 
4.8 0.92 I 2 240 260 
4.8 0.90 0 0 9. 1 9. 1 
4 .8 0.90 0 2 0.91 
4.8 0 .90 0 7 0.3 0 .61 
4.8 0 .90 0 9300 15000 
4 .8 0.90 1 2400 1500 
4 .8 0.90 I 2 430 440 
4 .8 0.88 0 0 2.4 10 
4.8 0.88 0 0.15 <3 
4 .8 0.88 0 2 0.11 < 0.3 
4. 8 0.88 0 4300 11000 
4 .8 0.88 930 9300 
4.8 0.88 7 430 3600 
Table 17. MPN estimations for VCAS treatments at pH 5.5 . Time 0 = 0 days 
incubation, 1 = 30 days incubation, 2 = 60 days incubation 
Replicate pH A.v Inoculum Time Yt:PN MPN 
level replicate 1 replicate 2 
5.5 0.96 0 0 240 73 
5.5 0.96 0 I <3 10 
5.5 0.96 0 2 <3 <3 
5.5 0.96 0 100 > 240000 
5.5 0.96 I 10 1100 
5 .5 0.96 I 2 <3 <3 
5.5 0 .94 0 0 64 11000 
5.5 0.94 0 23 230 
5.5 0.94 0 2 <3 10 
5.5 0.94 0 700 > 240000 
5.5 0.94 10 100 
5 .5 0.94 1 2 0.7 <3 
5.5 0.92 0 0 75 750 
5.5 0.92 0 10 10 
5.5 0.92 0 2 <3 <3 
5.5 0.92 0 1000 > 240000 
5.5 0.92 I 10 2300 
5.5 0 .92 I 2 <3 230 
5.5 0.90 0 0 93 9.3 
5.5 0.90 0 10 <3 
5.5 0.90 0 2 <3 <3 
5 .5 0.90 0 1000 > 240000 
5.5 0.90 1 36 4300 
5 .5 0.90 I 2 24 2400 
5.5 0.88 0 0 15 9.3 
5.5 0.88 0 <3 <3 
5.5 0.88 0 2 <3 <3 
5.5 0.88 0 1100 40000 
5.5 0.88 100 9300 
5.5 0.88 '") 10 2400 
Table 18. MPN estimations for VCAS treatments at pH 5.3. Time 0 = 0 days 
incubation, 1 = 30 days incubation, 2 = 60 days incubation 
Replicate pH A,_v Inoculum Time MPN MPN 
level replicate 1 replicate 2 
5.3 0.96 0 0 9.1 10 
5.3 0.96 0 <3 <3 
5.3 0.96 0 2 <3 <3 
5.3 0.96 0 7500 30000 
5.3 0.96 I I 75 39 
5.3 0.96 1 2 6.2 9.2 
5.3 0.94 0 0 10 2.9 
5.3 0.94 0 0.12 <3 
5.3 0.94 0 2 0.3 < 0.3 
5.3 0.94 0 4300 30000 
5.3 0.94 93 23 
5.3 0.94 1 2 19 12 
5.3 0.92 0 0 10 3.9 
5.3 0.92 0 1.9 0.23 
5.3 0.92 0 2 0.16 < 0.3 
5.3 0.92 0 2100 4600 
5.3 0.92 1 1100 2400 
5.3 0.92 l 2 110 200 
5.3 0.90 0 0 Ill 0.2 
5.3 0.90 0 2.4 < 0.36 
5.3 0 .90 0 ') < 0.3 < 0.03 
5.3 0.90 0 2300 2100 
5.3 0.90 I 230 2!0 
5.3 0.90 l 2 26 13 
5.3 0.88 0 0 10 2.4 
5.3 0.88 0 1 0.29 0.91 
5.3 0.88 0 2 < 0.3 0.11 
5.3 0.88 0 3600 1500 
5.3 0.88 2400 -+60 
5.3 0.88 ') 290 340 
Table 19. MPN estimations for VCAS treatments at pH 4.8. Time 0 = 0 days 
incubation. 1 = 30 days incubation , 2 = 60 days incubation 
Replicate pH ~\ Inoculum Time MPN MPN 
level replicate I replicate 2 
4.8 0.96 0 0 1100 150 
4.8 0.96 0 3.6 10 
4.8 0.96 0 2 <3 0.16 
4.8 0.96 0 24000 4300 
4 .8 0.96 1 1500 2 100 
4 .8 0.96 1 2 21 75 
4.8 0.94 0 0 930 9. 1 
4.8 0.94 0 0 .93 0.93 
4.8 0.94 0 2 0.11 < 0.03 
4.8 0.94 0 24000 4300 
4.8 0.94 2400 930 
4.8 0.94 1 2 93 120 
4.8 0.92 0 0 2 1 23 
4.8 0.92 0 3.4 < 0.3 
4.8 0.92 0 2 1.1 < 0.03 
4.8 0.92 0 21000 9300 
4.8 0.92 2400 1500 
4.8 0.92 1 ") 430 I SO 
4 .8 0.90 0 0 20 9. 1 
4.8 0.90 0 0.29 <3 
4.8 0.90 0 2 < 0.03 < 0.3 
4 .8 0.90 0 2 100 750 
4 .8 0.90 430 43 
4 .8 0.90 1 ') 43 29 
4 .8 0.88 0 0 2.9 10 
4. 8 0.88 0 1.1 <3 
4 .8 0.88 0 ') 0.12 0.19 
4 .8 0.88 0 4300 2400 
4 .8 0.88 240 93 
4 .8 0.88 ") 93 11 
-
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Appendix B 
Bacteriological media for C. sporogenes PA 3679 enumeration 
Peptone Water diluent 
1. Dissolve 1 g peptone in 1 L distilled water. 
' Autoclave. 
Brain Heart Infusion Broth 
I. Weigh out 37 g Brain Heart Infusion Broth (commercial preparation ; Becton 
Dickinson, CA). 
7 Dissolve in I L distilled H20. 
3. Heat in microwave on high for one minute and swirl to dissolve all lumps. 
4. Autoclave for I 5 min at 121 oc. 
5. Autoclave 200 mL mineral oil in a separate container. 
6. Aseptically transfer mineral oil to container of Brain Heart Infusion Broth. 
Anaerobic egg agar 
Ingredie nts 
Fresh eggs 3 
Yeast extract 5.0 g 
Tryptone 5.0 g 
Proteose peptone 20.0 g 
Sodium chloride 5.0 g 
Agar 20.0 g 
Distilled water 1.0 L 
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Protocol 
1. Scrub eggs with a brush in soapy water. 
2. Soak in 95% ethanol 10 min, remove and air dry. 
3. Within a UV lit biofiltered laminar flow fume hood crack egg yolks into a 
sterile blender jar discarding the whites. 
4. Make a 1: 1 dilution of the yolks with 0.85% sterile saline and blend. 
5. Combine all other ingredients, dissolve and adjust pH to 7.0. 
6. Autoclave at 121 oc fo r 15 min. 
7. Let mixture cool to 50°C, Jdd 80 mL of egg:saline solution, sw irl and pour 
into sterile petrie dishes. 
8. Dry plates 2-3 days at room temperature or 1 day 35°C. 
9. Incubate all plates anaerobically for 48 hours to detect contamination. 
10. Store sterile plates at refrigerat ion temperatures until needed . 
.\1/15 Phosphate buffer: 
I Weigh out 9.46 g :'\a2HPOJ. 
2. Add Na~HPOJ to 1 L dH :O· 
3. Stir until dissolved. 
4. Measure pH and adjust to pH 7.00 with NaOH or HCI. 
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G1·am Stain 
Reagents: 
l. Crystal violet: Mix 0.8 g ammonium oxalate with 80 mL water. Mix 
together with 2.0 g crystal violet dissolved in 20 mL of 95 % ethanol. 
2. Iodine: Mix 1.0 g iodine and 2 .0 g KI into 300 mL distilled water. 
3. Alcohol: Mix 80 mL 95% ethanol with 20 mL acetone. 
4. Safran in: Dissolve 2.5 g safranin 0 into I 00 mL 95 % ethanol. Take 
safranin solution and dilute 1: 10 with distilled water. 
Protocol: 
I. Flame loop, cool and use loop to pick up a bacterial colony. Set the loop into 
a small drop of water which has been placed upon a clear microscope slide 
and swirl the loop in the water to get an even distribution of the bacteria. Let 
the slide dry and flame the slide gently for I second to heat fix the bacterial 
preparation. 
2. Apply Gram's crystal violet for 1 min . 
3. Wash off the excess stain using tap water ::md lightly shake off excess water. 
4. Apply Gram's iodine for I min . 
5. Repeat step 3 and blot lightly. 
6. Over a sink let alcohol solution drip over s lide for 10 seconds and rin se with 
water. Shake off excess water. 
7. Apply Gram's safranin for 30 seconds. 
8. Repeat step 3 and blot. then let air dry. 
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Endospore stain 
Reagents: 
1. 51?c aqueous malachite green 
I 0 .5 % aqueous safranin 
3. Blotting paper 
Protocol: 
1. Prepare a smear of culture of suspect spore formers, air dry and heat fix. 
7 Cut blotting paper to cover smeared area of slide. 
3. Drip malachite green stain over blotting paper until soaked and using tongs 
pass the slide over a bunsen burner until dye is steaming gently. 
4. Reapply stain as needed to prevent any drying 
S. Continue for 1 min, passing slide over f1ame intermittently to maintain the 
steam. 
6 .. -\llow the slide to cool 
7. Rinse the slide with water and discard blotting paper. 
8 .. -\pply safranin solution and let stand for 30 seconds . 
9. Rinse with water and blot. then air dry. 
l 0 . Examine slide with oil immersion lens. Spores will appear green and 
Yegetative cells will be red. 
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Modified Peptone Colloid Broth 
Ingred ients: 
Protocal: 
Tryptose 
Salt (NaCI) 
Agar 
Distilled \Vater 
Glucose 
Ferrous sulfate (FeS 0 4) 
Sodium thiosu lfate 
Mineral Oil 
Peptone Colloid Agar tube preparation 
20.0 g 
5.0 g 
l.O g 
1.0 L 
1.0 g 
0.2 g 
0.3 g 
SOOmL 
1. In a I L tlask mix tryptose, salt and agar into the distilled water. 
2. Microwave until the solution is clear. 
3. Adjust the pH to pH 7.3 ± 0.2 using I N NaOH. 
4. Add glucose. ferro us sulfate and sod ium thiosulfate then boil for IS min. 
5. Pipette 10 mL aliquots of broth into 20 mL test tubes and cover with friction 
fit caps. 
6. Autocla\e for 15 min at l2l 0 C. 
7. Sterilize mineral oil in a separate container. After cooling, the mineral oil can 
be aseptically pi petted onto the top of each tube . 
8. Laye r e:J.ch tube \\·ith a one inch overlay. 
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Inoculum preparation 
I. Homogenize twenty-fi\·e grams of each sample in a sterile blender jar with 90 
mL of 0.1% peptone water diluent for a 10· 1 dilution. 
2. Transfer the homogeneous samples into dilution bottles to a dilution series. 
The dilutions needed are decided arbitrarily by the researcher needing to get 
to a consecutive series to extinction . .--\ dilution to extinction for most 
probable number tubes means that for each dilution there will be three tubes 
inoculated and that at least three dilutions will make up a series. When the 
series shows one dilution that has no positive tubes , then the series has been 
diluted to extinction. 
3. Incubate tubes at 3]CC. 
4. Read tubes and compare to a three tube MPN table for numerical results. 
Spice sampling 
1. Twenty five grams of each spice was measured into a blender jar 
containing 225 ml of sterile peptone. 
2. Blend on high for I min on high then transferred asceptically into dilution 
bottles to create a consecutive series of dilutions. 
3. Transfer the J0-1 to I o-+ dilution for each spice into peptone colloid agar 
MPN tubes. 
4. Heat shock a duplicate set of tubes. 
5. Incubate tubes at 37°C. 
6 . Read tubes and compare to a three tube MPN table for numerical results . 
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Vegetable sampling 
1. Twenty five grams of tomato powder was measured into 225 ml sterile 
peptone. 
2. Other vegetables were rehydrated with sterile water before measurement. 
Vegetables were rehydrated 1 part vegetable to 4 parts water in sterile 
refrigerated containers overnight. 
3. Twenty five grams of rehydrated vegetable was was measured into a sterile 
blender jar containing 225 ml sterile peptone. 
4 . Each was blended for 1 min on high then transferred aseptically into dilution 
bottles and further inoculated into MPN tubes just as spices were. 
5. Incubate tubes at Jrc. 
6. Read tubes and compare to a three tube MPN table for numerical results. 
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Appendix C 
Bacteriological media and procedure for environmental isolates 
Rogosa Broth 
Mix 60 g Rogosa broth commercial preparation (Becton Dickinson) with 1 L distilled 
water. Heat in microwave until dissolved . Add 1.32 mL glacial acetic acid. Autoclave 
at 121 oc for 7 min. 
Rogosa Agar 
Mix 75 g Rogosa agar commercial preparation (Becton Dickinson) with 1 L distilled 
water. Heat in a microwave until dissolved. Add 1.32 mL glacial acetic acid . 
Autoclave at 121 oc for 7 min. 
Elliker's Agar 
Mix 48.5 g Elliker's broth commercial preparation (Becton Dickinson) and 10 g agar 
with 1 L distilled water. Heat in a microwave until dissolved. Autoclave at 121 oc for 
15 min. 
Catalase production 
Using a steri le loop , pick a colony off of an agar plate . Mix the colony into a drop of 
water. Drop hydrogen peroxide into the mixture. If bubbles appear w ithin 1 min 
catalase production is presumed. 
Biolog Lactic Acid Bacteria Agar (Bla; Biolog Catalogue #70004) 
Mix 69 g Bla agar commercial preparation with 1 L distilled water. Heat in microwave 
until dissolved. Autocla\·e at 121 oc for 15 min. 
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Erlich's Reagent 
5 g p-dimethylaminobenzaldehyde 
75 ml isoamyl alcohol 
25 ml concentrated HCl 
Add alcohol to HCI. Mix in p-dirnethylaminobenzaldehyde. Stir till dissolved. 
Store away from light at 4°C. 
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Appendix D 
Fatty acid analysis of unknown bacteria 
Table 20. Fatty acid analysis of unknown environmental isolate IE 
Fatty acid or composite name 
14:0 
Sum of 16:1 w7c/l 5 iso 20H, 15:0 iso 20H/16: 1 w7c 
16:0 
Sum of 18:1 w7c/w9t/wl2t, 18:1w9c/wl2t/w7c, 18:1 
w l2t/w9t/w7c 
19:0 cyclo w8c 
20:4 w6,9,12,15c 
% of total sample 
3.49 
7 . 18 
17.01 
59 .88 
11.2 
1.26 
Table 21 . Possible identification of isolate 1 E from fatty acid analysis 
Name 
EnterococCI ts 
E. durans 
E. fczecium 
% likelihood of positive identification 
47 . 1 
47.1 
43.6 
E. fczecium subgroup B 43 .6 
22.8 
41.1 
E. fczeciwn subgroup A 
E. lzirmz 
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